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SUMMARY 



The general problem of stalling as affeoting the 
safety of airplanes is considered. The Increased diffi- 
culties associated with modern efficient wings, particu- 
larly with highly tapered wings and high-lift devices,, 
are discussed and various means are considered of avoid- 
ing these difficulties with a minimum aerodynamic loss. 
Finally, preliminary data are presented for the stall- 
control flap and the application of these section data to 
wing design is "briefly covered, mainly by means of an ex- 
ample . 

GENERAL PROBLEM 



Stalling .- The problem of avoiding excessive danger 
from the stall has been a recurrent one. Most airplane 
manufacturers dealt with the problem rather satisfactori- 
ly several years ago, either empirically or through a 
reasonably sound understanding of the phenomenon gained 
as the result of research work both here and abroad. 

In genoral, the solutions embodied the use of marked 
static longitudinal stability, thus providing a definite 
warning of the approaching stall through the backward 
movement, position, and forces on the control column, to- 
gether with a gradually developing stall secured either by 
allowing the upper or lower wing of a biplane to stall 
first or by using monoplanes with little or no taper and 
with "inefficient" wing-fuselage junctures, which further 
tended to bring about a gradually developing stall begin- 
ning at mid span. These measures tended to assure that 
tho Btalled condition would develop progressively after a 
reasonably definite warning; furthermore, latoral control 
was often maintained up to or beyond the stall (wing maxi- 
mum lift), owing to the fact -that the essentially effective 
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parts of the wing system, in relation to lateral stability 
and control, remained unstalled even after the angle of 
attack had exceeded that. of maximum lift. Inasmuch as the 
pilot has little incentive to go beyond this point, such a 
solution was and still is considered satisfactory. 

Modern trends .- Vith such satisfactory solutions in 
common use, attention has for the past few years been di- 
verted from the problem of minimizing stalling dangers. 
Modern design trends are, however, bringing the problem 
back in an acute form. These trends are toward: Higher 
wing loadings and landing speeds; the substitution of ef- 
ficient high-speed sections having more sudden and, henco, 
leas desirable otalling characteristics; the almost ex- 
clusive use of tapered-wing monoplanes of increased taper 
resulting in an increased tendoncy for the stall to de- 
velop first near tho wing tip whero the effects aro most 
harmful; the low-wing position, which contributes to re- 
duced longitudinal stability with increasing lift; the use 
of "efficient" wing-fuselage Junctures; and, finally, the 
use of certain high-lift devices* The high-lift device may 
further add to the dangers of tip stalling, add to balance 
and stability difficulties, and the commonly used flap usu- 
ally causes a vicious section stall corresponding to a sud-- 
den, large, and often unsymmetrical loss of lift. 

These trends are so far advanced that it now appears 
that many airplanes in common use cannot be considered 
reasonably safe, even for experienced pilots. The worst 
offenders may give no indication of an approaching stall, 
which, when it occurs, is manifested by a vicious uncon- 
trolled rolling dive, that results from a sudden loss of 
lift on the right or left wing and a simultaneous loss of 
lateral control. 

Recent investigations .- Practical methods of avoiding 
these conditions in modern types of airplanes have been 
sought* Tho investigations have proceeded mainly on tho 
theory that tho vicious stall may best be avoided in mono- 
planes by causing the wing to stall progressively from the 
conter toward the tips. Not only are the sudden loss of 
lift and the violent roll thus avoided, but lateral con- 
trol is maintained through tho first stages of tho stall 
and tho tondoncy toward an upwash on the tail surfaces as- 
sociated with the loss of lift near the center of the wing 
may bo used to bring about a marked incroase in longitudi- 
nal stability as tho stall is approached. 
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In a preliminary Investigation carried on in flight, 
Bharp leading-edge strips extending out along the iring 
from either Bide of the fuselage were employed to "bring 
about the desired symmetrical center-stalling characteris- 
tics. Wind-tunnel experiments with airfoile having sharp 
leading— edge sections over a small portion near their mid- 
span were also made to indicate how the flight investiga- 
tion should prooeed. She flight investigations for the 
power-off condition showed that an airplane having vicious 
stalling characteristics could be improved, as expected, 
by thus bringing about a gradually and symmetrically de- 
veloping center stall. The extreme maximum lift coeffi- 
cient was, of course, slightly reduced but the practical 
gliding or approach speed was not increased; in fact, It 
was actually reduced. 

Other m e thods .- Another proposed solution of the 
stalling problem should be mentioned: The limitation of 
the longitudinal control in order to prevent the wing 
from reaching maximum lift. Even aside from many rather 
obvious practical difficulties, this method cannot neces- 
sarily be relied upon to dispose of the problem. In any 
airplane approaching the conventional type there will al- 
ways exist a minimum speed below which the airplane cannot 
be maintained in steady flight. Whether this speed is 
defined by control limitation, loss of lateral control, 
or the loss of lift beyond the maximum, maneuverability 
limitations must be accepted when it is reached. In one 
desirable case, for example, that of no limitation of con- 
trol whatsoever with good lateral stability and control 
at maximum lift, the limitation is that the airplane in 
straight flight cannot make a turn either horizontally or 
to flatten the glide path in landing without first in- 
creasing the speed, which requires time and may require an 
amount of altitude not available. 

If the speed is defined by longitudinal-control limi-* 
tation, an additional maneuverability limitation must be 
accepted; the pitch angle cannot be increased. Jor exam- 
ple, if the airplane is over-controlled or disturbed in 
gusty air near the ground, It may be of vital importance 
to restrain the normal "stable" behavior of the airplane 
in order to prevent the nose from dropping into the ground, 
even though this procedure cannot flatten the glide path 
and may involve forcing tho airplane much beyond the nor- 
mal attitude of maximum lift. Such objections may be met 
by making the control stop quickly removable, but it then- 
becomes a warning rather than a limitation. In any event, 
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a warning of the approaching maneuverability limitation 
is required hef ore it is actually encountered. 

ffar nlngs .- To he effective, the warning must he given 
at an an»le considerably below that of maximum lift, be- 
cause /mats or inertia effects may momentarily carry the 
airplane boyond the warning attitude. Tho difforenco in 
lift between that at tho warning attitude and the maximum 
is, in Bono rospoct, practically the equivalent of a cor- 
responding loss in tho maximum lift coefficient. Tho 
amount of this loss depends on the character of tho stall. 
If the stall is sudden and vicious, corresponding to tho 
incipient spin with complete loss of control, the warning 
must be given very early to preclude the possibility that 
the stall may be reached inadvertently. In fact, some 
question exists as to whether the most vicious stalls 
should be considered acceptable at all; but, even if they 
are acceptable, the loss of effective maximum-lift is ex- 
cessive. At the other extreme, when the stall is gradual 
and corresponds to no autorotational tendencies or loss of 
control, this effective loss of maximum lift may be prac- 
tically ollminatod. Tho warning may be given at an angle 
of attack several degrees before the maximum-lift atti- 
tude out, owing to the flat-top character of the lift 
curve, little lore of lift is involved. 

P resent statu s.- It therefore appears that, in prin- 
ciple, a study should be made of the original solution of 
the stalling problem mentioned in the first paragraph of 
this report. The practical application of this solution, 
however, involves the; development of devices applicable 
to modern efficient monoplanes without appreciable sacri- 
fice of efficiency and without loss of maximum lift. The 
first step has been to seek airfoil sections having grad- 
ual stalling characteristics but, unlike the sharp leading- 
edge sections, vithout reduced maximum lifts. 

Airfoil sections having the gradual stalling charac- 
teristic, that is, a flat-top lift curve, have long been 
reco,jnizod as desirable In that they assure a gradually 
developing and symmetrical stall freo from serious auto- 
rotational tendoncios. Sections having rounded lift-curve 
peaks havo, in fact, been available; for example, the 
N.A.O.A. 4412 (reference 1) and others of this class hav- 
ing moderately large cambers at a position near the middle 
of the section. This type of section, however, tends to- 
ward excessive drag at high speed. Tne moot efficient 
high-opeed sections, on the other hand, tend to show a 
sudden loss of lift at the stall. 



PRESENT INVEST I GAT I OH 



The present wind-tunnel investigation "began in an at- 
tempt to alter the efficient N.A.C.A. 23012 eeotion with 
a view toward obtaining improved stalling characteristics. 
The alteration was accomplished by the deflection of a 
large-chord flap that will hereinafter he referred to as 
the "stall-control flap." The flap chord chosen was 60 
percent of the airfoil chord (0.6c) so that the deflection 
of the flap tended to produce mean-line shapes somewhat 
like those of the airfoil sections N.A.C.A. 4412 and N.A.C.A. 
6412. 

The results of the preliminary tests proved very satis- 
factory. In fact, flat-top lift curves were so easily ob- 
tainable that the investigation was extended to include the 
application of the stall-control flap to sections having 
high-lift devices (in most instances a 0.2c split flap) of 
the typo that previously had the most vicious stalling char- 
acteristics. Again it was found that, within limits, the 
vicious stall could be converted into the gradually devel- 
oping desirable type and, in some instances, without a 
loss of maximum lift. 

Tho next phase of the investigation consisted of ana- 
lytical studies of the application of the stall-control 
flap to tapered wings and also of a few experimental checks 
in tho variable-density wind tunnel of the predicted re- 
sults. The use of these flap combinations on tapered wings 
leads to unusual flexibility of aerodynamic design because 
tho large flap tends to control the lift distribution along 
tho span, and the small flap controls the lifting capabil- 
ities of the various sections along the span. In fact, 
the Committee has built for experimental purposes a highly 
tapered wing having flaps of this type that may be varied 
to investigate tho effects of changes in the load distri- 
bution and in the lifting capabilities along the span. 
TTith suitable flap combinations, it appears that gradual 
center stalling at high lift coefficients may be brought 
about evon with highly taperod wings. 

Several secondary roaultn attend the use of the stall- 
control flap. The designer, however, must decide whether 
or not the various results, the value of which he may es- 
timate from calculations, are justifiable on his particu- 
lar design. ThiB report 1b intended to be sufficiently 
complete to give the section characteristics required for 
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these tapered-wing calculations for the stall-control flap 
used with or without a split-flap high-lift device. Ex- 
cept for a "brief discussion and an example Indicating one 
way in which the stall-control flap may be employed, the 
problem of its application to wing design will he consid- 
ered outside the scope of this report and left, for the 
time being, to designers, who may make the necessary cal- 
culations from the data presented herein. 



AIRFOIL SECTION CHARACTERISTICS 



Te sts .- The usual 5- by 30- inch duralumin models and 
test procedure (reference 2) were employed in the variable- 
density tunnol (reference 3) to obtain the desired section 
characteristics for the combinations with the stall-control 
flap. In most instances the basic airfoil section N.A.C.A. 
23012 (references 4 and 5), was used, although in a few in- 
stances a thicker airfoil of the same family, the N.A.C.A. 
23015 (reference 5), was employed. 

The flap was formed by sawing the airfoil at the '40- 
percent station and attaching a thin steel plate let in 
flush on the lower surface, which formed a hinge by bend- 
ing. Finally, the gap was filled with plaster of paris 
and carefully finished along a radius tangent to the upper 
surfaces of the front and back parts of the section. This 
procedure assured a smooth and fair upper surface having 
a radius of curvature above the hinge approximately equal 
to the airfoil thickness. The small-chord plain flaps 
were formed in substantially the same way. 

In practice, it might be difficult to provide as fair 
an upper surface as that formed on the models. Further- 
more, it was considered that the upper-surface shape, par- 
ticularly in the neighborhood of the large flap hinge, 
mi^ht exert a marked effect on the character of the stall. 
For these reasons the three variations indicated in figure 
1 wore investigate'd for one flap combination. The results 
indicated surprisingly small, if not negligible effects, 
oven T/hen a broak on the upper surface was made almost 
sharp to simulate a practical case such as a piano hinge 
along tho upper surface. 

Results.- The characteristics of the various flap 
combinations are presented in figures 2 to 7 and in table 
I. The usual graphic and tabular forms of presentation 
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(reference 6) are employed except that, for compactness , 
several flap displacements are included on each plot, and 
redundant curves or those presenting characteristics of 
minor importance such as , L/D, and the lift peak at 

reduced Reynolds Number have "been omitted. The most im- 
portant results are given on the left-hand portion of the 
plots (lift curves for aspect ratio 6, effective Reynolds 
Numbor approximately 8,000,000). These curves indioato 
the character of tho stall. A gradually developing stall 
is indicated by a rounded lift-curve peak. The actual 
presonce of thic progressive type of lift variation with 
angle of attack was checked by recording for each combi- 
nation the actual variation of lift with angle of attack 
near tho stall by an automatically rocording electrical 
lift balanco, which actually drew the lift-curve peak. 

The stall as thUB represented is, of course, for the 
rectangular wing of aspect ratio 6 rather than for the 
section* The soction stall may be expected to develop 
less gradually, owing to opanwiso progression effects in- 
cluded in the rectangular airfoil teste (reference 2), but 
bo mo experimental evidence exists to indicate that the 
s ection stall will not be of a differont character. Sec- 
tion lift curves, as required for tapered-wing calcula- 
tions, may be derived from the presented curves by 
the methods of reference 2, that is, each angle is reduced 
by 3.17 Gj, degrees to obtain the curve of c^ against 

a_ , and 0 T 1b usually increased by the factor 1.07 

0 ^nax 

to obtain the section value, c 7 

"max 

The other important results are shown as section 

characteristics on the right-hand portion of the figures. 

The fully corrected (reference 2) section profile-drag 

results are given and the pitching-moment characteristics 

of each soction are represented by c n . . , the pitch- 

(a. c. ; 0 

ing-monent coefficient of the section about tho aerodynam- 
ic center of the undoformod section. 

Results are given for soveral large-chord flap do- 
f lections (0°, 4°, 8°, 12°, 16°, 20°) and for each of sev- 
eral largo-chord flap deflections with the 20-percent- 
chord split flap dof looted various amounts (0°", 15°, 30° , 

45° , 60°). A few combinations with a plain flap rather 
than a split flap are also included. 
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3)1 b cub b Ion .- Tho most important results from tho ap- 
plication of tho stall-control flap are the change in tho 
character of tho stall, tho chango of the stalling angle, 
and tho increaso of lift at a given angle. The effective- 
ness in changing the character of the stall when applied 
to tho N.A.C.A. 28012 is indicated hy tho lift curves in 
figuro 2. A 4° dofloctlon is not sufficient to remove 
entirely the sudden fluctuations of lift at the stall but 
the 8° and the higher settings show the desirable rounded 
lift-curve peaks. The most desirable shape is given in 
the neighborhood of 12°. At this deflection only a 

slight gain in C T is shown; however, the lift curve 

■^max 

shape is improved, the stalling angle is reduced approx- 
imately 5°, and Ol at a, = 0° is Increased from 0.09. 

to 0,88. This change in lift is approximately that ex- 
pected from airfoil theory, the rotation of the flap 
being approximately 0.9 as effective as the rotation of 
the whole airfoil. 

Other changes produced by the flap are shown in the 
right-hand part of figure 2. Moderate flap deflections 
show vory slight changes in profile drag in the useful 
range of lift coefficients. *The 12° deflection gives a 
pitching-moment coefficient at zero lift of -0.087, only 
a little more than the plain Clark T airfoil. This pitch- 
ing moment associated with the flap deflection is small as 
compared with that for an ordinary small-chord flap de- 
flected to produce the sane lift-curvo displacement. 

Figure 3 is included so that the action of the stall- 
control flap may be compared with tho usual split flap. 

The split flap, of course, produces marked gains in Cl- 
imax 

but the stalling angle is little affected and the severity 
of the sudden drop in lift is markedly increased. 

Figures 4, 5, 6, and 7 show the possibility of com- 
bining the two types of flap in order to realize the de- 
sirable characteristiCB of both. Here again the 12° de- 
flection of the stall-control flap (fig. 5) proved the 
most effective in that the rounded-type lift-curve peak Q 
could be maintained up to a split-flap deflection of 45 . 
This combination burbles approximately 9° earlier than 
the same airfoil without the stall-control flap and gives 

a Ot, for a = 0° " of 1.7 and a 0 T of 2.37. This 

-"max 

value corrocts to a sec tio n maximum lift coefficient 
c, = 2.54. It should bo remembered, however, that the 
"max 
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stall of the flection should not be expected to be as grad- 
ual as the stall of the tested rectangular wing formed 
from the. .same section. 



APPLICATION TO TING DESIGN 
Tapered Tings 

Upson and Thompson (reference 7) have indicated that 

highly tapered wings, 5:1 or more, are generally aero- 

dynamlcally desirable when the wings are adjusted to equal 

structural efficiency and when the variation of Ct 

* -"max 

with taper is not taken into account. This result was not 
anticipated by the nany engineers who considered a reason- 
ably close approach to the elliptical wing to be the best 
design. The elliptical wing is aerodynami cally superior 
when wings of equal area and span are compared but, if 
wings of equal structural weight are compared, the in- 
creased span possible through the use of a high taper ratio 
more than compensates for the losses associated with the 
departures from the elliptical load distribution. 

A loss of maximum lift is, however, associated with 
high taper ratios. A brief analysis made at the N.A.C.A. 
laboratory and reported at the 1936 Manufacturers 1 Confer- 
ence Indicated, when the maximum-lift variation was taken 
into account on the assumption that variable twist or some 
other device such as the stall-control flap is not employed 
to avoid -the loss, that the taper ratio cannot advantageous- 
ly bo carried much boyond 3:1 and that, even with moderate 
tapors, theso wings are open to the objection that tip- 
stalling difficulties aro likoly to be encountored. 

On the ot l ier hand, wing stiffness in relation to flut- 
ter, asido from strength, may become a very important con- 
sideration. 7ing stiffness has not been adequately consid- 
ered in any of tho analyses, but it is apparent that such 
considerations would strongly favor high tapor ratios. 
Those considerations wore instrumental in bringing about 
tho present investigation directed toward tho avoidance of 
tho maximum-lift losses and the tip-stalling difficulties, 
aerodynamic characteristics of highly tapered wings that 
block the realization of their structural advantages. How 
those difficulties with highly tapored wings may be minim- 
ized through tho use of the stall-control flap is best 
brought out by means of an example. 



Example 



A wing of 40-foot span, aspect ratio 10, taper ratio 
4, and a landing speed of approximately 65 miles per hour 
haB been chosen for the example. Ting sections of the 230 
series are employed and, for simplicity, the section thick- 
nosses are considered to vary only from 11 to 14 percent 
of the chord so that variations of c, with Boction 

max 

thieknoss are unimportant. The analysis in any case is 
made by the methods of references 2,-8, and 9. 

Plain_wing.- The methods of reference 2 are first em- 
ployed to predict the variation of the lifting capabili- 
ties (ci ) of the sections. Allowance is thus made 
''max 

for the variation of Reynolds number along the span (from 
3.9 to 1.2 x 10 e between the root and the section at 0.9 
semi span ). 

The result is indicated by the dottod line in figure 
8. Tho distribution of c^ t as shown by the solid curve 

in tho figure, is found from the L G tables of reference 
6 or 9 after multiplying the corresponding c^ values by 

a suitable factor. The tabulated values are for Cjj = 1, 

and the factor (1.28) Is chosen to bring the solid curve 
up to tl ; e dotted one. At this point the local lift ct, 

has reached the local capability ct, and stalling may 

* max 

bo expected to begin. The factor 1.28 *;ives, of course, 

the corresponding wing lift coefficient Cjj at which 

stalling begins. Little is Known about the relation of 

this C Ti value to Cr , but certain experiments and a 
n -"max 

few preliminary flight tests have indicated that this Cj, 

value at which stalling begins either approximates Ct. 

~ max 

or is effectively C T when tip stalling is involved 

■"max 

because the airplane cannot be maintained in steady flight 
at higher values of Cj, owing to the loss of control as- 
sociated with the tip stalling. In fact, the predicted 

value nay actually be too high when it is based on a ci . 

''max 

curve of a frequently encountered type for which occa- 
sional or Intermittent stalling may be present at a consid- 
erably lower value than that indicated by Ci . 

"max 
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In any event, the . reaulfra indicate that stalling will 
begin near, the 0.85 station at a wing -lift coefficient ap- 
proximately. °L nax » 1*28. The tip stalling and reasons 

for it are thus clearly "brought out "by figure 8 and the 

loss of Or associated with the high taper may he appre- 

max 

dated by comparing, for example, the wing 'maximum lift co- 
efficient 1.28 with the root section! maximum lift coeffi- 
cient 1.61. 

Partial ->Boan flan .- The example is now extended to in- 
clude tho application of a partial- span split flap. The 
flap, 20 percent o, deflected 45°, and partial span as in- 
dicated on the plan-form diagram in figure 9 is considered. 
Tho c^ distribution (fig. 9) is found by the method of 

reference 9 by adding together suitable proportions of the 

o^ and Ci distributions. The pertinent section lift 
a b 

curvos for the various sections are included in figure 10. 

It is apparent that the lifting capabilities more 
than ever exceed the actual lift coefficients over the cen- 
tral or flapped portion. The results suggest that stalling 
will begin Just outboard of the flap end and at a wing lift 
coefficient near Oj, = 1.61. Little is known in this case, 
however, about the stall - how it would progress over the 
tip portion, how it would affect the lateral control, and 
to what extont this simplified theory may be in error owing 
mainly to the neglect of complications resulting from the 
three-dimensional character of the flow near the flap end. 
Results in better accord with experiment would probably be 
obtained if the break in the dotted curve indicating the 
loss of lifting capabilities at the flap end were faired 
out over a epanwise distance equal to one or two flap 
ohords. These matters require further experimental inves- 
tigation; nevertheless, the result 0 L = 1.61 may be com- 
pared with o-i s 2.38 at the center section to lndi- 
"max 

cate very roughly the loss of maximum lift associated with 
the high taper and partial-span flap. 

Stall-control flau .-The application of the stall- 
control flap will now -be considered. It is applied to 
only a short portion (26 percent) of the wing .near the 
center span in order to permit its use without the addi- 
tion of much structural weight and complication* As shown 
by the results in figure 11, center stalling may now be 
expected to develop, owing partly to the decrease of lift- 



ing capabilities over the center portion covered by the 
stall-control flap and partly to the "building up of the 
lift associated with the large-chord flap deflection of 
12°. As compared with the preceding example with the split 
flap only, the gain in lift, when stalling is equally like- 
ly to start at the tip, is shown "by the shaded area. The 
lift in each case is adjusted so that tip stalling is 
e.qually likely as judged hy the coincidence in the region 
of the tip of the heavy c^ curve and the light curve rep- 
resenting the preceding case. The gain is therefore two- 
fold. Not only is the tendency toward the desired center 
stall of the gradual type realized, hut the corresponding 
wing lift C L is increased, as shown hy the shaded area, 

from 1.61 to 1.7. Thus the ohjection to certain methods 
(sharp leading edges, small or inefficient fillets, or 
other spoiler devices) previously used to "bring ahout 
gradual and early center stalling through some loss of 
maximum lift has "been overcome. 

Incidental Advantages 

Some secondary advantages arising from the use of the 
stall-control flap should alBO he mentioned. Tor flying 
boats or airplanes with tricycle landing gears, take-off 
difficulties may he reduced owing to the large lift coef-* 
ficients that may he realized with the airplane in approx- 
imately the level attitude. The improved lateral stabil- 
ity at the stall associated with the flat-top lift curve 
has "been mentioned. Improved lateral control may also he 
secured. When a large drop in lift occurs in passing from 
the inner to the outer or aileron portion of the wing, the 
shed vorticity tends to cause the aileron portion of the 
wing to operate in tho associated region of Induced upwash. 
When the not induced velocities on the wing section aro in 
the direction corresponding to an upwash, the local lift 
vector is sloped forward. Hence, when the lift is in- 
creased hy a displacement of the aileron, the forward com- 
ponent is als" increased, tending to produce, in turn, a 
favorahle lnduoed yawing momont. This characteristic, 
that is, tho loss in lift that may he provided hy excess 
flap deflections inboard of the ailerons, may allow the 
use of droopod ailerons, which have previously heen avoid- 
ed on account of thoir largo advorso inducod yawing mo- 
ments although, of course, the drooping of the ailerons 
tends to remove the desired lift change. Calculations 
such as those of the foregoing example indicate that the 
increased lifting capabilities associated with the drooped 
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ailerons ', while Influencing directly only a small portion 

of the wing, may in some cases yield a considerable gain 

in Ct "by allowing the entire wing to operate at a 

max 

higher lift coefficient. 

Structure 

At first sight the structural problems associated 
with the 0.6o flap appear f orraidable . Certain types of 
^ing structure, such as single spar with torsion leading 
edge, or other types that at present seem to he coming 
into favor, with the main structure well forward and with 
f abrio-covered trailing-edge portions, permit the applica- 
tion of the large-chord flap without major changes in the 
structure In any event, the ribs must cantilovor from 
tho spar, and whothor or not tho large flap is moved makes 
very little difforonco in tho loads on tho rib members at 
tho spar because theso are a function almost entirely of 
the displacement of the small-chord high-lift flap at the 
trailing edge. These same loads must be dealt with when 
the large flap is not present. The complication is only 
that of making the structure movable under these loads. 

Problems associated with the operating mechanism 
should not be very difficult when a short-opan flap, as in 
the preceding example, is employed. With, a stall— control 
flap covering a considerable portion of the span, which in 
some cases appears advantageous; the best solution apparent- 
ly involves the use of many hinges and hydraulic- jack units 
distributed along the spar. 

Other Devices 

There remain to be considered other methods of avoid- 
ing the tip stall. Some washout may be employed to advan- 
tage and, for moderate taper, the small washout that is al- 
lowable without serious detrimental effects (reference &), 
together with a small change in profile to a higher lift . 
(430 serios, for pxample) though loss efficlont section, 
may be omployod over the tip portion. Some loss is always 
involved, howover, and tho loss rapidly becomes large as 
the tapor is increased. 

The other possibility that has previously been sug- 
gested (reference 10) 1b the use of leading-edge slots over 
the outor portion of the wing. As indicated in reference 
10 and as calculations made in the preceding example read- 
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ily show, the method should he effective; hut many objec- 
tions hare boon advanced to the use of movable tip slots* 
Thothor or not the increased maximum lift compensates tho 
additional drag, weight, danger of improper functioning, 
and complication remains a question. Furthermore, if the 
answer definitely favors tho uso of slots, thon it appears 
th.it this typo of section may be considered for uso through- 
out tho ontlro wing rathor than only for the tip portions, 
and the problem of tip stalling then returns in its. origi- 
nal form. Its solution by the omission of the leading- 
edge slots over the central portions becomes almost- the 
equivalent of introducing sharp leading edges or other 
spoiler devices on the original wing. Prom this viewpoint, 
an aerodynamic loss is accepted to avoid the tip stalling. 
It thai appears that, even though slots should prove to be 
gonerally advantageous, the aiall-control flap usod togeth- 
er with the slotted sections may remain the most efficient 
moans of avoiding tho tip stall of highly tapered wings. 

Viewed from considerations of improving existing wing 
typos, however, either the sharp leading edges or the ad- 
dition of leading-edge slots at the tips may be satisfacto- 
ry. Tho reduced lifting capabilities near center span as- 
sociated with the spoilor devices (sharp leading edges, in- 
efficient fillets, motor nacelles, or the absence of lead- 
ing-odjo slots) do not nocessarily oxert a primary effect 
on tho wing maximum lift. With highly tapered wings the 
lifting capabilities of the oontor soctions may bo reduced 
to a point corresponding to equal likelihood of center and 
tip stalling without appreciably affecting tho wing maximum 
lift although, as comparod with wings having loss taper or 
a device giving effectively a variablo twist such' as tho 
stall— control flap, somo loss of maximum lift must be ac— 
coptod. 

On tho othor hand, whon tho wing maximum lift is deter- 
mined primarily by tho lifting capabilities of the tip sec- 
tions, the criterion for tho selection of these soctions 
must bo modifiod. Soctions that would otherwise "bo Judged 
inforior, owing to objectionable complications or to a 
somowhat excoosivo drag, should bo considered. Such sec- 
tions may provo accoptable . as applying to only a small part 
of the wing bocauoo they may porralt on increase of lift 
over tho whole of tho wing. 
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CONCLUDING EEMARKS 



An aerodynamically satisfactory solution to the prob- 
lem of the stalling of tapered wings now appears to be 
available. 

It is, of course, realised that the application of 
the stall-control flap adds dif f icultios and complications. 
Whethor or not the result is worth tho expense must be de- 
cidod by the designer in relation to a particular project 
undor consideration. It is hoped that tho preliminary 
data prosontod heroin will bo of assistance in such design 
studios. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committoe for Aeronautics, 
Langley Field, Ta, , Ootobor 14, 1937. 
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Figure 1.- Iffec.t of upper surface curvature at hinge. 

lf.A.C.A. 33012 with 0.6c flap at 120 and 0.2c 
ordinary flap at 15°. Rectangular, wing, as- 
pect ratio 6, free air. 

Tigure 2.- Airfoil with stall-control flap. H.A.C.A. 23012 
with 0.6c flap. Rectangular wing, aspect ra- 
tio 6, free air. 

Figure 3.- Airfoil with split flap. N.A.O.A. 23012 with 0.2c 
split flap. Rectangular wing, aspect ratio 6, 
free air. 

Figure 4.- N.A.C.A. 23012 with 0.6c flap at 8° and 0.2c split 
flap. Rectangular wing, aspect ratio 6, free 
air. 

Figure 5.- H.A.C.A. 23012 with 0.6c flap at 12° and 0.2c split 
flap. Rectangular wing, aspect ratio 6, free 
air. 

Figure 6.- N.A.C.A. 23012 with 0.6c flap at 16° and 0.2c split 
flap. Rectangular wing, aspect ratio 6, free 
air. 

Figure 7.- Stall-control and plain flaps. Rectangular wing, 
wing, aspect ratio 3, free air. 

Figure 8.- Plain wing. Plan form and di stributi on of lift 
coefficient and lifting capability. 

Figure 9.- Wing with partial-span flap. Flan form and distri- 
bution of lift coefficient and lifting capability . 

Figure 10.- Section data for the calculation of the partial- 
span flap usod In the example (R e approximate- 
ly 8,000,000). The lift peaks indicate how 
the section maximum lift correction is made. 



Figure 11.- Wing with stall-control flap. Plan form and dis- 
tribution of lift coefficient and lifting capa- 
bility. 
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CHARACTERISTICS OF N.A.C.A. 23012 AIRFOIL WITH STALL-CONTROL AND SMALL-CHORD FLAPS 
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1 Type of ohord. A refers to a chord defined bb a line Joining the extremities of the mean line of the airfoil without 

"Type of preeeure distribution. 

'Type of scale effect on maximum lift. See reference 2, fig. 44. 

* Type of lift-ourve peak as shown in the site tones. ^ _o 




•Turbulenoe factor is 2.64. 

•These data have been corrected for tip effect. 

'Angle of lero lift obtained from linear lift curve approximating experimental lift curve 
•Slope obtained from linear lift curve approximating experimental lift curve. 
" °d 0Bln lay outside range of lift coefficients covered in these tests. Value of c^ Q ^ 
approximately over entire useful range of lift coefficients. 
10 Om/ \ Is taken about the aerodynamic center of the airfoil without flaps and la the average value. 
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